ABSTRACT
INTRODUCTION
Rare earth alloy magnets have been used in prosthetic dentistry for many years. 1 The two main areas of their use are orthodontics 2, 3 and removable prosthodontics. 4 Intraoral magnets are small but offer satisfactory retentive forces to be used in various prosthodontic procedures. The force they deliver can be directed, and they can exert their force through mucosa and bone, as well as within the mouth. Despite their many advantages, which include ease of cleaning, ease of placement for both dentist and patient, automatic reseating, and constant retention with number of cycles, magnets have poor corrosion resistance within oral fluids and therefore, require encapsulation within a relatively inert material. Permanent magnets based on intermetallic compounds are employed in dentistry to fix dental prosthesis. Nd-Fe-B-based magnets were developed in the beginning of the 1980s. They have a maximum energy product between 36 and 50 MGOe, and are progressively replacing Sm-Co magnets (maximum energy product 33 MGOe). Despite their excellent magnetic properties, Nd-Fe-B magnets are unstable at moderate to high temperatures and are highly susceptible to corrosion in environments of high humidity. The literature has associated the low corrosion resistance of these magnets to their complex microstructure. [5] [6] [7] The corrosion attack arises from the preferential oxidation of the Nd-rich phase in the grain boundary region. 8 The different electrochemical potentials arising from a multiphase composition leads to galvanic corrosion in the presence of an electrolyte. Nd-Fe-B magnets are usually produced by powder metallurgy (P/M). The Nd-rich phase is one of the most active phases present in the P/M Nd-Fe-B magnets. Preferential attack of this phase gives rise to intergranular corrosion leading to detachment of ϕ grains, and eventually disintegration of the material. 9 This leads to the deterioration of the magnetic properties and can affect the performance of other components in the neighborhood, due to loose corrosion products on the surface. 10 Much of the effort to improve the corrosion resistance of Nd-Fe-B magnets has concentrated on the use of coatings to protect the magnet. 11 Attempts have also been made to increase the corrosion resistance of NdFe-B-based magnets by addition of alloying elements. 6, 7 However, alloying often deteriorates the magnetic properties, and despite the improvements made by the addition of alloying elements, protective coatings are still needed for practical applications. Corrosion is a physiochemical interaction between a metal or an alloy and its environment that results in a partial or total destruction of the material or in a change of its properties. Both samarium cobalt and neodymium iron boron magnets are extremely susceptible to corrosion, especially in chloride-containing environments. Therefore, these magnets are encapsulated with different corrosion-resistant materials. Stainless steel and titanium are mostly used for encapsulation. 12 Apart from these, ceramic, Teflon, and aluminum have also been tried for encapsulation to prevent corrosion of the magnets. Therefore, the aim of this study was to evaluate the in vitro corrosion resistance of the indigenously fabricated dental magnet.
MATERIALS AND METHODS

Source of Data
Fabrication of Magnet
A rare earth magnet (Nd-Fe-B) was machine cut to get the desired dimension. The magnet was in a circular shape (Fig. 1 ). The diameter of the magnet was designed based on the average value of cross-sectional diameter of the mandibular canine and premolar tooth. The diameter of the neodymium iron boron magnet was 3 and 1.5 mm thick in height. The basic design of the magnet was pottype. Pot-type meaning the magnets were encased in the corrosion-resistant material. Teflon was used to encase the bare magnet to act as corrosion-resistant material. The Teflon encasing was done in a computer numerical control microlathe. The wall thickness of the Teflon sleeve was 0.7 mm (Fig. 2 ).
Corrosion Test
The Teflon encased Nd-Fe-B magnet was put to test to comply with the standardized conditions. The corrosion behavior was examined using the statistical immersion analysis according to ISO 10271:2001: "Dental metallic materials corrosion test methods." In this method, the maximum ion release after 7 days was evaluated. The test specimen (magnet) was dipped in corrosive solution for 7 days in polypropylene test tube. The preparation of specimen and test solution was carried out in compliance with the corrosion test methods for dental metallic materials. Corrosive solution used was artificial saliva. The pH of the artificial saliva was adjusted to 6.75 with KOH. Since there are often traces of rare earth elements in glass test tubes, polypropylene test tubes (TPP, Trasadingen, Switzerland) were used to avoid contamination by the used test tubes and thus a falsification of the results. Each specimen was put into a single, sterile polypropylene tube. The corrosion solution was freshly prepared for every test interval. The magnet was dipped in 23 mL of artificial saliva. This is to comply with the total surface area of the magnet. The total surface area of magnet is 23 cm 2 . According to ISO standards 10271:2001, the test extract should be in consideration of a surface/volume ratio of 1 cm 2 /mL of the test solution. After 7 days of dipping the magnet, it was removed and the eluate solution was subjected to inductive-coupled plasma (ICP) spectroscopy test. The ICP traced the different ions released into the corrosive solution in terms of quantity. The ions released into the corrosive media should be within the limit of 200 mg/cm 2 to certify that the given specimen is corrosion-resistant. This is based • Finally, the pH of artificial saliva is adjusted to 6.75 with KOH. The ICP spectroscopy detects the ions that are leached out into the artificial saliva from the Nd-Fe-B magnet in test specimen (encased in Teflon sleeve) and also the control specimen (bare magnet). The magnets were removed from the corrosive media after 7 days, and the dipped corrosive solution was subjected to ICP test. The ICP machine will be fed with standard solutions of Nd, Fe, and B in three concentrations. Three different concentrations of the standards were prepared for all the three elements. The lower limit of determination for the found ions amounted to 0.05 µg/mL. If no less than 200 mg/cm 2 (ISO standards) ions are found in the corrosive media, then the test specimen is said to be corrosion-resistant. The control specimen (bare magnet) is expected to have maximum corrosion.
RESULTS
The results showed that all the values of the control group are more than the value recommended by the ISO standard 22674:2006. The mean and standard deviation has been presented in Table 1 . The mean values for Nd, Fe, and B were 329, 532, and 316 µg/cm 2 respectively.
According to the ISO standards, the tested product values of ions leached out should be within the value Table 2 . The nonencased magnets exceeded the limit. The indigenous dental magnets with Teflon sleeve were corrosion-resistant. In both the groups the patterns of ions leaching out seems to be the same. Iron is the one, which is more readily corroded.
DISCUSSION
The oral environment and dental structures present complex conditions that can promote corrosion and discoloration. The variables of diet, bacterial activity, drugs, smoking, oral hygiene methods, and saliva unquestionably account for a great difference in corrosion. Corrosion is the actual deterioration of a metal by reaction with its environment. The disintegration of the metal may occur through the action of moisture, atmosphere, acid or alkaline solutions, and certain chemicals. Corrosion may cause the magnet to lose its efficiency by losing its structure. The magnetic flux density reduces, thereby reducing the power of the magnet.
In the previous studies, metallic corrosion was tested in different ways. For example, corrosion was analyzed visually by examining the surface of the specimen, by determining the surface roughness and the loss of weight, or by indirect, electrochemical measurement of the electron flow and the release of elements. 13, 14 Other authors used changes in the magnetic flux density or in the retention force for determining the amount of corrosion. 15, 16 Added option is the direct, quantitative measurement and identification of released elements with the help of different analytical methods. In these experiments, different solutions were used as the corrosive medium.
The first trials to protect the magnetic alloy against corrosion were carried out with a Proplast coating, which is a mixture of polytetrafluorethylene (PTFE) and graphite. Other tests were made by using epoxide resins, 17 stainless steel, 18 and parylene, 19 a corrosion-protective polymeric coating material applied in vacuum by condensation from gas phase as a nonporous and transparent polymer film on the magnet. 15 In the present study, Teflon (PTFE) sleeve was made and the magnet was embedded in the sleeve. The sleeve thickness was 0.5 mm. The magnet with Teflon sleeve was immersed in artificial saliva with a pH of 6.2 for 7 days, the magnet was corrosion-resistant, and the ions leached out in the corrosive media were within the limit of 200 µg/cm 2 . This limit is set according to the ISO standard 22674:2006. Ahmad et al 15 conducted a study and showed better corrosion resistance with PTFE-coated neodymium iron born magnets. Similar results were displayed in the present study. However, the long-term usage of these magnets embedded in Teflon sleeve needs to be investigated in the clinical study.
CONCLUSION
In the present study, a rare earth magnet, neodymium iron boron magnet, was used. It was encased in the Teflon sleeve. Teflon is known to be biocompatible and corrosion-resistant material. The magnet was encased in a custom-made Teflon sleeve. This was subjected to corrosion-resistance test. From the results of the study we conclude that the indigenously fabricated dental magnet found to be corrosion-resistant. 
